Introduction
In this chapter we consider how models of imperfect competition, developed by scholars working in industrial organization (IO), provide insight into an important area of law: products liability (that is, liability for harms and losses associated with goods and services sold via markets). This importance derives from the fact that everyday life generally involves consumption activities wherein the risk of harm is present: we all consume manufactured goods and commercially-harvested and/or prepared foods, translocate or telecommute between home and employment, and occupy space in buildings and homes that condition the air we breathe and the light we use (not to mention relying upon the safety of those structures).
Remarkably, traditional law and economics (L&E) analyses of products liability generally find no role for the influence of market structure or strategic interaction on liability policy. Two results come from the traditional analysis. First, different liability regimes (to be detailed below) lead to the same private choices of safety, and this private choice is the socially-optimal level of safety. 1 Second, alternative market structures (perfect competition, monopoly, oligopoly) have no effect on the level of safety chosen by firms. In what follows, after briefly summarizing the traditional analysis, we consider two simple (but plausible) model modifications that yield a substantial impact of market structure on the choice of safety and (potentially) on the choice of liability regime. Section 2 provides a summary of the traditional model used to consider unilateral precaution in the case of harms due to products; Section 3 then re-considers the traditional model of harm while Section 4 re-considers the traditional model of production cost. In both Sections 3 and 4 we first consider monopoly provision of the product and then extend the model to the case of oligopoly competition. Section 5 provides a brief review of additional contributions to this literature and summary comments.
expected harm: uʹ(0) > h(0).
Assumption 1(a) implies downward-sloping demand for the good of interest. Assumption 1(b) reflects the traditional assumption about investment in safety by the firm: increased investment reduces the expected harm, but there are diminishing returns to investment in safety with respect to reduction of the expected harm. Assumption 1(c) bounds the expected cost of harm; we assume that we are considering products that should not be removed from the market because they are inherently extremely dangerous or socially unacceptable. This is reasonable in a complete and perfect information model, since otherwise consumers could simply avoid the market.
Notice that since strict liability (δ = 0) is taken to imply perfect compensation of the consumer by the firm, then the consumer ignores the total expected harm, h(x)q, when buying q units of the good, whereas no liability means that the consumer will bear the entire cost of harm. To see this, solve the consumer's choice model, max q,z U(q, z; x, δ r ) subject to pq + z < I, which yields the (inverse) demand model for the good of interest: p r (q; x) = max{uʹ(q) -δ r h(x), 0}, for r = SL, NL.
(
Under assumption 1(c), this means that the first term in brackets above is always positive for some (q, x) combinations, in which case p 
Preliminaries: Firms
Production reflects constant unit costs of production (this assumption will be modified in Section 4), though the unit cost of production is an increasing convex function of the level of safety.
Assumption 2:
C(x, q) = c(x)q, with: 1) c(0) = 0 and c(x) > 0 for all x > 0; 2) cʹ(x) > 0 for all x > 0 and cʹ(0) = 0; and 3) cʺ(x) > 0 for all x.
In the rest of the discussion of the traditional model we assume that the firm is a monopolist; Shavell that arise from the assumptions made regarding harm and cost. (1987, p. 65-66) provides a discussion of the perfectly-competitive case. Thus, the profit function for a firm operating under liability regime r can be written as: . Note also that the simple (separable) structure of the first-order conditions (3) and (4) relies upon Assumption 2(a) (i.e., constant returns to scale in production of output) as well as the form of the expected harm function.
Efficiency and Primary Results for the Traditional Model
Welfare, denoted as W(q, x), is given by:
Assumptions 1 and 2 imply that W(q, x) is strictly concave in (q, x). Assuming a finite optimum, denoted 
Again, the properties in Assumptions 1 and 2 imply that q W is positive and, through a comparison between equations (4) and (7), the usual simple monopoly result obtains: q r < q W ; that is, the monopolist restricts output relative to the welfare-maximizing level.
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Notice also that equations (6) Spence (1975) condition concerning the under-or over-supply of quality; since the crossderivative of the demand function is zero, the monopolist will choose to supply the efficient level of quality (here, safety). Again, from equation (6), this will be where the sum of the per-unit production cost and the per-unit expected loss from harm is minimized.
Proposition 1 summarizes the relevant results from the traditional model. These results are readily extended to the traditional Cournot oligopoly version of the foregoing analysis.
A qualifier for Proposition 1(a) is important to note. Since under no liability there will be no costs of formally adjudicating a "wrong," while under strict liability some such costs are bound to be incurred, some scholars have argued that NL is socially preferred to SL.
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We abstract from this argument about administrative costs in evaluating welfare.
A broad implication of the results from the traditional model is policy separability: antitrust and competition policies can be formulated and implemented without regard to the choice of tort regime in products liability: considerations of market performance are separable from considerations of product 6 In the sequel, a subscript on a multivariate function indicates differentiation, e.g., Π r x (x, q) ≡ ∂Π r (x, q)/∂x. We use primes (ʹ and ʺ) for derivatives of single-variable functions.
7 If the firms are price takers, then as Shavell shows (1987, pp. 65-66) , both the output level and the safety level are efficiently provided by a competitive industry.
8 For example, this is the underlying argument in Polinsky and Shavell (2010) for using NL in the case of mass-marketed products. Note that this argument relies strongly on the assumption that the choice of x by a firm (or firms) is perfectly observable to consumers, so that feedback via the market is effective. If x is unobservable, a firm under NL would pick a safety investment of zero and rational consumers should expect that x NL = 0.
performance. Alternatively put, agencies or courts charged with formulating or implementing laws concerned with product market competition need not be particularly bothered with concerns about vertical product quality issues such as product safety, and the reverse as well: assessment of whether an agent is liable or culpable for harm does not require examination (by, say, a court) of the degree of competitiveness (or lack thereof) of the market wherein a good or service was acquired. This suggests an economy of governmental/judicial decision-making and it also suggests that the two areas of law can develop independently.
Modifying the Traditional Model's Representation of Harm: Cumulative Harm
In the traditional model outlined in Section 2, total expected harm accrues in proportion to the quantity of the good consumed, so that marginal and average harm are the same. There is no obvious physical basis for this assumption; it is simply particularly useful in providing results as outlined in Section 2. In this Section we modify this assumption and find that the resulting analysis provides significantly different results from those presented above. In particular, allowing for the model of total expected harm to be nonlinear in the quantity of the good consumed means that the marginal and average harm are generally not the same; this implies that the choice of liability regime matters, and that market structure matters as well.
In DR2014 we provide a number of motivating examples from food safety, pharmaceuticals, environmental safety, privacy (both on the internet and in the physical world), and the operation of physical systems (i.e., wherein friction can have an effect on breakdown). In all of these examples, perunit expected harm can be viewed as increasing in the quantity of the good consumed, so that total expected harm is actually convex in q. To capture this we modify Assumption 1 as follows.
Assumption 1ʹ:
a) The direct utility for the good of interest, u(q), satisfies (for all q > 0): 1) u(q) > 0; 2) uʹ(q) > 0; and 3) uʺ(q) < 0.
b) Total expected harm is modeled by the function H(x, q) which is thrice continuously differentiable with the following properties:
1) H(0, x) = 0 for all x > 0; H(q, x) > 0 for all q > 0, and all x > 0;
2) H x (q, x) < 0 and H q (q, x) > 0 for all (q, x) > 0; H x (0, x) = 0 for all x > 0;
3) H(q, x) is strictly convex in (q, x) > 0, with strictly negative off-diagonal terms;
4) H qqx (q, x) < 0 for all (q, x) > 0.
c) All optimization problems have a unique interior optimum, and all the respective payoff functions (W, Π SL , and Π
NL
) have second-order matrices that are negative definite in a sufficiently large neighborhood of these optima.
Assumption 1ʹ(a) is the same as Assumption 1(a); the primary difference between Assumption 1ʹ and Assumption 1 is in the total expected harm function, H(q, x), which in Section 2 is h(x)q. Assumption 1ʹ(b)(1) is parallel to Assumption 1(b). Assumptions 1ʹ(b)(2) and 1ʹ(b)(3) extend the convexity of h(x)q used in Section 2 to now hold for both x and q in H(q, x); H xx > 0 parallels hʺ(x) > 0 from Section 2, but now we add H> 0, which was absent from Section 2 (there H= 0); intuitively, expected harm is decreasing in x but increasing in q at an increasing rate. Due to the multivariate nature of how harm is assumed to arise (i.e., both via the level of x and the level of q), we will need a further assumption about the interaction of q and x. There are diminishing returns to investment in safety (H xx > 0), but increasing the investment in safety ameliorates the convexity of total expected harm in usage-level, which requires that ∂H/∂x < 0.
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A handy example, consistent with all of the above properties of H(q, x) is h(x)q 2 , with h(x) as in Section 2. This example was explored in the main text and in Technical Appendix A of DR2014; it was also exploited in the oligopoly discussion in Technical Appendix C of DR2014 and will be employed later in this Section to review that oligopoly analysis.
Monopoly Provision of Safety when Harm is Cumulative
To provide the clearest insight, we again start with a monopolistic firm and derive an updated 9 The results in this Section draw heavily on Daughety and Reinganum (2014) , hereafter denoted as DR2014, particularly Technical Appendix B. To our knowledge, the first paper to formally allow for and model nonlinear (in q) expected harm is Marino (1988) . 10 As is shown in the Technical Appendix for DR2014, Assumption 1ʹ(b)(4) is equivalent to H xq (x, q) < H x (x, q)/q for all (x, q) > 0. Marino (1988) instead considers the case wherein H xq (x, q) > H x (x, q)/q for all (x, q) > 0; his focus is on "tolerance" wherein increased use of a good diminishes the rate of expected loss. version of Proposition 1. In the subsequent subsection we proceed to consider the effect of allowing for oligopolistic competition (which can take one of two forms, depending upon the degree of interdependency of harm among the consumer's purchases). In a manner similar to that in Section 2, the (inverse) demand function for the good, conditional on the liability regime, is: p r (q; x) = uʹ(q) -δ r H q (q, x), for r = SL, NL,
which is positive for the relevant ranges of q and x.
The convexity of H implies that the marginal expected harm exceeds the average expected harm:
Equation (9) is key to understanding why a model with cumulative harm changes the results from those of the traditional model. To see this, we will specify the profit functions and first-order conditions for the SL-firm (that is, the firm under a regime of strict liability), the NL-firm (similarly, the firm under a regime of no liability), as well as the relevant welfare function and first-order conditions. Let a firm's profit under regime r again be denoted as Π r (q, x), where:
Using equation (8), in the case of strict liability the SL-firm's profit function (δ SL = 0) becomes:
and the first-order conditions for the SL-firm become:
Again, using equation (8), in the case of no liability, the NL-firm's profit function (δ NL = 1) becomes:
and the first-order-conditions for the NL-firm become:
Finally, welfare is as follows:
and the first-order-conditions for a maximum are the following:
Some observations are now in order. First, as remarked upon earlier, the convexity of H in q implies that H q (q, x) > H(q, x)/q (the marginal expected harm due to increased consumption exceeds the average expected harm), so comparing equations (11) and (14) provides the immediate result that for any given relevant (q, x):
That is, for given (q, x), a firm will prefer a regime of strict liability to a regime of no liability; this Second, for any given q, equations (12) and (18) yield the same value of x; that is, for a given output level, a firm under the SL regime provides the welfare-maximizing level of safety; a comparison of equations (15) and (18) 
meaning that at the given level of output, q, the NL-firm would choose a higher level of safety. That is:
All three functions are upward-sloping 11 and equal zero when the quantity level is zero. We can think of these as a type of (non-strategic) "best response" function, as they provide the optimal choice of the level of safety investment for any exogenously specified level of quantity.
Let q SL (x) solve equation (13) These functions provide (respectively) the SL-, NL-, and W-levels of optimal output for any arbitrary given level of safety investment, x. In a manner similar to that used above, note that:
so the overall ordering for any given x is:
Let (x SL , q SL ) simultaneously solve equations (12) (15) and (16) (18) and (19), so x 
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In other words, despite the interrelatedness of the safety and quantity decisions, the policy-separability property we discussed in Section 2 as a valuable result of the traditional model is available if agencies and courts involved in products liability tort actions employ strict liability: product performance (i.e., concerns about the safety of products) is still separable from market performance (i.e., concerns about the competitiveness of the marketplace), and decisions by agencies and courts, as well as the development of law regarding these two spheres, can proceed independently under SL.
One further point is worth making about how recognition of the non-proportionality of harm with respect to consumption affects policy. Earlier we purposely chose to ignore negligence. Negligence is a hybrid of SL and NL: a "due care" standard is set (perhaps at x W ). A firm that chooses x below this standard is fully liable for all harm while a firm that chooses x to be at least this great faces no liability.
Recall the result earlier that under cumulative harm, that Π NL (q, x) < Π SL (q, x) for any given (q, x). As we show in DR2014, this preference for SL by the firm means that it has an incentive to undermine a regime of negligence by purposely choosing x below the due-care standard if consumers observe the firm's choice of x prior to purchase (as has been assumed here). This would imply an SL-style market exchange, which involves stronger product demand than would occur under compliance with a negligence standard (resulting in NL).
Oligopolistic Provision of Safety when Harm is Cumulative
There are seemingly two means by which harm might accumulate via consumption of a collection of products. On the one hand, consuming products from n firms, each of which independently creates some harm which is (say) convex in the amount of the product consumed, may be viewed as creating aggregate harm additively in the more-than-proportional consumption of each of the n products. In DR2014 we refer to this as the "Diner's Dilemma" by imagining the risks at an open buffet of dinner items. One can get e coli from a portion of beef, or salmonella from a portion of chicken, or shigella from a portion of vegetables. Upon becoming ill following dinner at the buffet, the particular source of 13 For the simple example wherein H(q, x) = h(x)q 2 , welfare is always higher under SL when compared with NL; in the more general harm (the product) can be identified. On the other hand, bioaccumulation of mercury can come about from consumption of a variety of mercury-containing fish.
14 In this case the harm may be difficult to associate with any one product or source: harm is convex in the aggregate exposure to mercury that results from consumption of a variety of products.
Independent Cumulative Harm from n Products
To see the influence of market considerations, first consider the case wherein the consumer views the n products as perfect substitutes in consumption (ignoring safety) and assume that product i's expected harm function is h(x i )(q i ) 2 , i = 1, ..., n, wherein each h-function has the same properties as the hfunction in Section 2 (i.e., decreasing but convex in x i ). Here we are assuming that harms are independent and the source of a harm is identifiable. To facilitate providing clear results, assume that the direct utility a consumer enjoys from consuming q = (q 1 , q 2 , ..., q n ) of the n products is u(q) = αΣ i q i -
where α and β are positive constants. Let Q = Σ i q i , so the (inverse) demand for product i is α -βQ when the liability regime is SL and α -βQ -2h(x i )q i when the liability regime is NL. Therefore, under
We find the first-order conditions for x i and q i , respectively, and then invoke symmetry, yielding:
Simultaneous solution of equations (20) and (21) Similarly, an NL-firm i's profit function is
Simultaneous solution of equations (22) and (23) yields the symmetric Cournot-Nash equilibrium H(q, x) case, this will be true in a small enough neighborhood of (x W , q W ). 14 Th U.S. F.D.A provides a strong warning, especially for pregnant women, nursing women, and young children, concerning the consumption of the following types of fish: shark, swordfish, king mackerel, and tilefish, alone or in combination. See combination of care and output, denoted x NL (n) and q NL (n), respectively.
Finally, welfare when the consumption vector is q and the safety vector is x = (x 1 , x 2 , ..., x n ) is:
Differentiating to obtain the first-order conditions and then applying symmetry provide the following conditions for a welfare maximum:
Let the solution to equation (20) (20) and (24) shows that:
Moreover, modifying u(q) and H(q; x) to fit the current example, and comparing equation (12) with equation (20) and equation (24) with equation (18), shows that:
so that, for any given level of output q, the SL-firm will choose the same level of safety for a given q independent of the number of firms, and this will always be the socially optimal safety choice for that level of output. Not surprisingly, x NL (q; n) is also independent of n and maintains the same relationship with x W (q) as it held in the monopoly analysis. However, the number of firms does affect the (symmetric) equilibrium quantity levels under SL, NL, or welfare maximization as specified in equations (21), (23), and (25), respectively; in DR2014 we show how the fact that firms undersupply output affects the equilibrium supply of safety (now no longer conditional on output level). In particular, we show that, as a function of the number of firms and computed at the equilibrium oligopoly output in each case, SL-firms undersupply safety while NL-firms oversupply safety (i.e., x SL (n) < x W (n) < x NL (n)). Under SL, NL, and W, as the number of firms increases, each firm takes less care and produces a lower level of output, but total output increases and risks are increasingly diversified over a larger set of firms from which to purchase products.
http://www.fda.gov/food/resourcesforyou/consumers/ucm110591.htm, accessed March 18, 2016.
Interdependent Cumulative Harm from n Products
As pointed out earlier, the consumption of goods from different firms could lead to an overall accumulation of harm because the alternative goods each contribute to the extent of exposure to the same source of harm and it is the overall level of exposure that matters. A straightforward example is that provided earlier: consumption of different types of fish, all of which contain mercury. If the expected harm depends upon the aggregate level of exposure from all the goods, then the aggregate effect now is (potentially) cumulative. Thus, let μ(x i ) denote the amount of exposure per unit of good i consumed, where μ(x i ) has the same properties as h(x i ) (that is, μ(0) is positive and finite, μʹ(x) < 0, and μʺ(x) > 0 for all x), so that μ(x i )q i represents the amount of exposure from consuming q i units of product i. Thus, the aggregate amount of exposure is Σ i μ(x i )q i . We assume the expected harm is convex in the aggregate level of exposure; in DR2014 we consider the simple quadratic form of this:
Notice the contrast between this version of harm and that of the previous independent-harm model:
Space limitations prevent us from providing details of the analysis of this second model, but in DR2014 we show that, in contrast with the independent harms model, the total expected harm arising under an interdependent-harm process stays constant as n increases, so the risk of harm is not diversified as n increases. Thus, for example, if there are fixed costs of production, this means that society is better off restricting entry to one firm and regulating the product's price, or subsidizing production, to increase quantity. Second, unlike our results earlier, no standard liability regime provides the incentive to take the socially-optimal level of care for a given level of output.
However, using our specific model of harm in equation (26), a simple multiplier in the firm's accounting for the expected harm, along with the use of exposure-based market-share liability (i.e., liability in proportion to μ(x i )q i /Σ j μ(x j )q j ), will make an SL-firm choose the socially-optimal level of safety for a given output level. The multiplier is [2n/(n + 1)], so that firm i's profit function under SL incorporates this multiplier times the firm's share of the exposure it contributes, times the total expected harm:
Note that the firm bears additional liability (since 1 < 2n/(n + 1) < 2); the extra liability payment should go to the state and not be part of compensation paid to harmed consumers. As shown in DR2014, this allocation of liability induces each SL-firm's choice of safety to be the same as that which a central planner would choose (for a given output level). safety involves an endogenously-determined fixed cost of development; it is also likely to impact the variable cost of production. Typically, we view such a fixed investment as a long-run choice whereas output can be varied in the short run. This suggests that firms' product design investments (which determine the safety of their products) should be viewed as being chosen in a prior period, with firms' output choices being made in subsequent periods. Since the safety levels are long-lived, it is also plausible to view them as being observed by all firms before output levels are chosen.
In Daughety and Reinganum (2006; hereafter DR2006) , we provide a model wherein a number of firms compete noncooperatively in a market for a product with safety attributes. In the first period, firms make investments in product design; a higher investment implies a safer product, but a safer product also has a higher marginal cost of production. Firms then observe the safety level of competitors' products 15 Market share allocations of harm have been used by courts to allocate liability across firms in an industry when the source of the harm (that is, which firm produced the product that caused a harm) was unclear; the most famous such case was Sindell v. Abbott Laboratories, 26 Cal. 3d 588 (1980) . (or, equivalently, they observe rival firms' fixed investment and can infer the implied safety level), and choose how much output to produce. Firms' products have some inherent level of horizontal differentiation, and they have at least the potential for vertical differentiation, since firms can choose any level of safety. Because the products are differentiated and consumers value variety, we model this as N identical consumers consuming some of each good. Consumption results in some accidents and harm to consumers. Although we will assume that firms are strictly liable for the harm their products cause, we also assume that the compensation process is imperfect so that consumers are left with some uncompensated harm. 16 This could reflect tort reforms such as a cap on non-economic damages or the presence of litigation costs.
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As a consequence, a consumer's willingness to pay for a product will be sensitive to the product's safety level, as the consumer will anticipate having to bear some uncompensated loss should the product cause harm.
Some of the details of the DR2006 model will be simplified or suppressed here; see that paper for a full development and discussion of the model. We will use the following notation: n the number of firms, each of which produces a variety of the good; the n+1st good is a numeraire. N the number of identical consumers in the market. It reflects the probability of an accident; the extent of harm conditional on the occurrence of an accident;
and any other costs such as litigation costs. Both the probability of an accident and the extent of harm conditional on the occurrence of an accident may be affected by the safety level. We assume that the total expected harm is strictly positive, strictly decreasing, and strictly convex. We revert here to the assumption that expected harm is proportional to the level of consumption (as in the base model in Section 2, and in contrast to the model with cumulative harm in Section 3), but we assume that safer products generate lower expected harm.
We assume that each consumer has a quasilinear utility function, U(q, z), where q is again the nvector of quantities consumed and z is the numeraire good, so that:
The parameters α, β, and γ are positive, with γ ≤ β. That is, products 1 through n are imperfect substitutes. The parameter γ represents the extent of horizontal product differentiation; as γ converges to β, the products become perfect substitutes (in terms of horizontal differentiation).
There are two ways to incorporate the consumer's expected uncompensated harm, v c (x i ). Given that it is assumed to reflect a constant risk per unit of the good consumed, one way is to view it as a reduction in utility. In this interpretation, we would substitute the expression α -v 
The resulting inverse demand function for product i is given by:
Firm i's profit function is then given by:
That is, firm i sells Nq i units overall, and makes a profit of p i (q; x i ) -m(x i ) -v f (x i ) on each unit. The safety investment, tx i , increases with the safety level x i , but it does not vary with output. Upon substituting for the function p i (q; x i ) and collecting terms, we can re-write firm i's profit as: (29). Thus, the firm faces the full marginal cost (that is, the marginal production cost and the entire expected loss from accidents per unit of output).
In addition to the previous assumptions we made regarding the individual functions m(x i ), v c (x i ), and v f (x i ), we further assume that FMC(x i ) is convex and "U-shaped" so there is a safety level that minimizes full marginal cost. Denote this safety level by x ‾; this is the level of safety that would be chosen in the traditional law and economics model of product safety wherein there is no endogenous fixed cost reflecting, say, safety design (i.e., wherein t = 0). It will become clear in what follows that a firm's safety level will always be less than x ‾. Finally, we assume that FMC(0) < α (so the product can always be produced profitably).
We will use first-order conditions to characterize the firms' equilibrium output and safety levels.
Conditional on the vector of safety levels, the firms' profit functions are strictly concave in their respective output levels and the subgame perfect equilibrium in output levels can be computed directly.
Stepping back to the simultaneous choice of safety levels, this concavity is no longer guaranteed.
Nevertheless, we will assume that the reduced-form profit functions (as a function of the vector of safety levels, taking into account how these affect the subgame perfect output levels) are strictly concave in the firms' respective safety levels and that the overall (symmetric) equilibrium is characterized by the firstorder conditions. We will use superscripts to indicate the number of firms; for instance, x ) decreases with an increase in t (the unit cost of safety) or β (the rate at which a consumer's willingness to pay for the product declines with the quantity consumed).
Now we consider the oligopoly version of the model wherein n firms first noncooperatively choose safety levels and subsequently, having observed rival safety levels, the n firms noncooperatively choose output. The profit function has been provided above in equation (30). The first-order condition for firm i's choice of output is:
Solving the collection of first-order conditions for the subgame perfect vector of output level choices (conditional on the vector of safety level choices, denoted x) yields:
It is clear that each firm's output level is increasing in its own safety level and decreasing in its rivals' safety levels. Now consider firm i's choice of safety level, anticipating how it will affect all firms' subgame perfect choices of output. The first-order condition for x i is given by:
The term in brackets is similar to that in equation (31) In what follows, we denote the symmetric equilibrium safety level for an n-firm oligopoly by x n , and we denote the symmetric equilibrium output level for an n-firm oligopoly by q n . Under symmetry,
equations (32) and (33) become:
The comparative statics results that were derived earlier in the monopoly case extend to the case of oligopoly: the safety level x n (and output level q n ) increases with an increase in α or N, and decreases with an increase in t or β. However, now two additional parameters appear in the model. Both n and γ are measures of market competitiveness; clearly a higher number of competitors (n) makes competition more intense, but so does a greater degree of substitution (γ).
An increase in the number of firms results in a lower equilibrium safety level x n and output level q n . The intuition for this is that, all else equal, more firms in the market will lead to a higher overall output but a lower output per firm. A firm that anticipates a lower output will find it optimal to choose a lower safety investment; although this investment lowers full marginal cost, this cost-reduction applies to fewer units of output. Thus the return to investment in safety is lower when the number of firms is higher.
∈ An increase in the degree of substitution has more complex effects. Recall that γ [0, β]. When γ = 0 each firm is a monopolist, whereas when γ = β the products are perfect substitutes. In general, the degree of horizontal differentiation has a direct effect on the consumer's marginal willingness to pay for each good (a higher value of γ means a lower marginal willingness to pay for good i) and it has an indirect effect on how responsive firm j's output level is to the safety level of good i (a higher value of γ makes business-stealing more effective). When γ is relatively small the business-stealing effect of an increase in firm i's safety level on firm j's output is also relatively small as the products are poor substitutes. Thus the overall effect is that x n decreases as γ increases, when γ is small. But when γ is sufficiently large, then the indirect (business-stealing) effect dominates the direct effect (that is, the reduced marginal willingness to pay for any one variety of the product) and x n increases as γ increases.
More formally, there is a threshold value γ min ∈ (β, n) (0, β) such that x n decreases as γ increases for γ < Given a common safety level, denoted X (which will be chosen by the planner), the market operates as before. Consumers determine their willingness to pay for the products and the firms noncooperatively choose their output levels. This generates utility for consumers, which our planner takes into account, and production and expected liability costs for the firms, which our planner also takes into account. Since our planner takes n as given and firms noncooperatively choose their output levels, subgame perfect equilibrium output will be given by the same function as before. That is,
The planner's problem is then to choose X to maximize:
Let X nq denote the planner's optimal choice of safety level (we use the superscript "nq" to indicate that the number of firms and the noncooperatively-chosen output levels are taken as given by the planner).
The resulting first-order condition is:
Since the firms choose output noncooperatively in both scenarios, these are only different to the extent that the social planner's safety level (X nq ) is different from the noncooperative safety level (x n ).
The comparative statics effects of X nq with respect to increases in n, N, α, and β are the same as those of x n . However, whereas x n was first decreasing and then increasing with an increase in γ, the social planner's safety level X nq always decreases with an increase in γ. This is because there is no social return to business-stealing. Indeed, it can be shown that there exists a threshold value Γ nq ∈ (β, n) (0, β] such that noncooperative firms would choose a lower safety level than the planner for γ < Γ nq (β, n), and a higher safety level than the planner for γ > Γ nq (β, n). For n = 2, it turns out that Γ nq (β, n) = β; however, since Γ nq (β, n) decreases as n increases, it follows that Γ nq (β, n) < β for n > 2.
The solid curves in Figure 2 One reason that we have considered a social planner that can only choose safety (and not output, or the number of firms) is that this social planner might be analogous to a court whose concern is whether or not a firm has provided appropriately-safe products. In individual (or class action) products liability suits, the court does not assess all aspects of how the market functions (e.g., does each firm produce the socially optimal amount of output and is the number of firms socially optimal?), but rather it focuses on whether the particular firm before the court provided an appropriately-safe product. In what follows, we will ask how the liability system can be modified to induce firms to choose the socially-optimal safety level, taking as given the number of firms and how the firms will choose to supply output (i.e., as Cournot-Nash players).
Since the firms produce according to the usual oligopoly formula in both scenarios, the easiest way to induce noncooperative firms to choose the (constrained) socially-optimal level of care, X nq , is to impose a penalty on the noncooperative firms for deviating from X nq . This could be a proportional penalty, such as λ(X nq -x i ), where λ is a constant, or simply a large fixed penalty that is imposed whenever firm i chooses x i not equal to X nq . This penalty would be paid only once by each firm, and it would be paid to the state. It could be interpreted as a penalty for negligence or an assessment of punitive damages; the firms would remain strictly liable to consumers. Notice that we are speaking as if inefficient safety decisions would always be revealed. But since each firm produces Nq units, the likelihood that at least one unit causes harm (which triggers the litigation that verifies the firm's true safety choice, enabling the one-time imposition of punitive damages) is very close to one, at least for mass-marketed products.
The specific value of λ that is required to induce noncooperative firms to choose x , is positive). It is somewhat incongruous to think of courts imposing punitive damages for products that are "too safe," but in this situation business-stealing incentives have led the firms to compete too aggressively in terms of safety (driving up the endogenously-determined fixed cost of safety).
Other Models of Imperfect Competition and Product-Generated Harms
In this section we describe a selection of particularly relevant other papers that involve models of imperfect competition in which firms choose safety and output (or price), and in which consumers may be harmed by the product. There are many models involving competitive firms, and many models that do not involve markets at all (e.g., models of driving accidents), wherein liability is included as part of the model. Due to space constraints, we are not able to include a discussion of all of these related models. Spence (1977) and Polinsky and Rogerson (1983) examine the impact of consumer misperceptions of safety on firms' choices of safety and output. To the extent that products liability leaves consumers undercompensated, they will deduct their (possibly misperceived) expected losses from their willingness-to-pay for the product, whereas the firm deducts its actual expected losses. Spence (1977) examines a competitive model with homogeneous goods wherein consumers underestimate the expected loss. He shows that when consumers are risk-neutral, the first-best outcome can be achieved (in terms of safety and output) by employing strict liability with full compensation.
18 Polinsky and Rogerson (1983) examine an oligopoly model with homogeneous goods wherein consumers always underestimate the expected loss. They examine strict liability (with full consumer compensation), negligence, and no liability. Under strict liability, firms face the full expected liability costs; given that this is a proportional harm model, non-cooperative firms (that choose safety and output at the same time) always choose the socially-optimal safety level but provide too little output. Under negligence, firms meet the negligence standard (which is set at the socially-optimal level of safety) but all expected losses are borne by consumers. Since consumers underestimate the expected loss, they do not reduce their willingness-to-pay by the true expected loss. Thus, equilibrium output is higher under negligence than under strict liability, which is a welfare improvement. Finally, a regime of no liability has the same impact on consumer willingness-to-pay as negligence, but it does not support the socially-optimal level of safety. Rather, firms now provide too little safety, which also lowers their full marginal costs, and causes even higher equilibrium output than under negligence. Polinsky and Rogerson argue that it may be optimal to take advantage of consumer misperceptions (of this specific type) by employing a liability regime that shifts the expected losses to consumers (either negligence or even possibly no liability, depending on the welfare tradeoff between lower safety and higher output). Baniak and Grazl (2014) describe a different sort of consumer misperception in an oligopolistic market; they assume that consumers cannot identify the safety levels of individual firms, but they are able to assess the average safety of products in the market (i.e., the firms share a collective reputation). The model is otherwise similar to that of Polinsky and Rogerson (1983) , except that they allow the damages award to be arbitrarily different from the harm; that is, consumers could anticipate under-or overcompensation in the case of an accident. They compare the levels of safety provided in the regimes of strict liability and no liability. No liability results in too little safety, as improving own safety is a public good that is enjoyed by other firms through the collective reputation. Moreover, strict liability always results in higher equilibrium safety than does no liability. However, the authors show that when the damages exceed the harm, then strict liability can result in excessive safety. In this case, neither regime is obviously better: no liability provides too little safety whereas strict liability provides too much safety.
Collective reputation also results in an interdependency between safety and output; the typical ranking is that output is lower under no liability than under strict liability, which is itself lower than the sociallyoptimal output level. However, in the case of damages that are sufficiently in excess of the consumer's loss, strict liability can increase safety (and thus firm costs) greatly, which also greatly suppresses output; it is possible that no liability results in greater output than strict liability. Daughety and Reinganum (1995) provide a monopoly model wherein the firm first makes an investment in safety (in particular, it engages in sequential search for its product design), and then sells the product to consumers; technically, the investment determines the type space from which the safety level will be drawn. Thus, the safety level is an exogenous attribute at the point of sale of the product; moreover, the safety level is the firm's private information. Although the safety level is unobservable to consumers prior to purchase, a firm's price can signal its product's safety. A safer product is assumed to have higher marginal production costs but lower marginal expected liability costs. We find that when firm liability is low (resp., high), the firm searches for a version with lower (resp., higher) production costs and higher (resp., lower) expected liability costs. Moreover, when firm liability is low the firm signals a higher safety level with a higher (than full-information) price that increases as safety increases, whereas when firm liability is high the firm signals a higher safety level with a lower (than fullinformation) price that decreases as safety increases. Since a monopoly provides too little output, these results suggest that the firm should bear a significant share of liability in order to induce lower price, greater output, and more search for safer designs. Baumann and Friehe (2010) provide a monopoly model wherein a firm may have a high or low cost of providing safety (this is the firm's type). The firm produces over two periods and consumers cannot observe the firm's choice of safety in the first period prior to purchase. However, they do observe the firm's first-period safety level after first-period consumption and prior to second-period purchase.
Thus, a firm can use first-period safety choice to signal something about its type (which will govern its choice of second-period safety as well). In particular, a low-cost type is willing to invest more than it would under observable safety, in order to deter mimicry by the high-cost type. The authors observe that this signaling motive results in higher consumer welfare than would occur if safety were observable prior to purchase. The authors do not, however, consider the potential for price to signal safety. Although the firm is a monopolist, it is not viewed as quoting a price for the good; rather, the price is simply taken as the consumer's maximum willingness-to-pay based on her conjectures about what safety level the firm has chosen. Baumann and Freihe (2015) consider an oligopoly model wherein safety is an investment. However, they assume that this choice is not observable by other firms or by consumers. Rather, consumers have rational expectations about product safety. As a consequence, consumer willingness-topay is not sensitive to actual firm safety choices (it depends on consumers' conjectures about firm safety choices); moreover, the authors do not consider any inferences the consumer might draw from observing a firm's output (or price) choice. In this sense, the consumer may not be fully-rational.
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A share of the expected harm is allocated to the firm, with the residual being borne by the consumer. However, they allow the firm's "share" to exceed 1, meaning that the firm pays the consumer more than her actual harm in the event of an accident. They then show that a social planner whose only instrument is a multiplier on the firm's liability to the consumer will choose a multiplier equal to 1 + 1/(n + 1), where n is the number of firms. Firms under-invest in safety in this model because consumers and rival firms cannot observe safety (thus removing the business-stealing motive). Unobservable safety is also why "scaling up" damages can work; consumer willingness-to-pay is affected by the scale factor but not by the firm's actual safety choice, whereas the firm itself recognizes that the scale factor generates a greater marginal impact of its safety choice on its expected liability payments to consumers. If consumers observed the 19 In a standard signaling model, the firm's private information (its "type") is exogenous, and the firm's choices can reveal its type. In this alternative conjectures-based model, the firm's private information is its endogenous choice of safety level; nevertheless, there are models and solution concepts (e.g., forward induction) wherein the firm's public action can reveal its private action (see, for example, Dana, 2001 ). Thus, in order to incorporate full consumer rationality, it would be more appropriate for consumer conjectures about safety to be contingent on the firm's other observable choice (output, or price), and then to explore whether this would allow consumers to draw inferences about the firm's unobservable choice (safety).
firm's safety choice, then scaling damages up or down would have no effect on firm profits; any undercompensation (resp., over-compensation) would simply be deducted from (resp., added to) the consumer's willingness-to-pay for the product.
Finally, Ganuza, Gomez, and Robles (forthcoming) consider a monopoly model wherein consumers are unable to observe a firm's choice of safety directly, but can retaliate in future periods following an incident of harm. In particular, in every period (of an infinite horizon), the firm chooses either a high or a low safety level. A safer product is more expensive, but less likely to cause harm, than a less-safe product. If the consumer could observe the safety level prior to purchase, she would buy the product only if safety was high. The authors characterize the following type of equilibrium (first taking the price as given, and subsequently with an endogenous price): the consumer starts out buying the product but, following an accident, she does not buy again for a number of periods. This number of periods (the "reputational penalty") is just sufficient to deter the firm from choosing low safety. The authors then incorporate liability in a flexible form that encompasses both strict liability (the firm is liable whenever an accident occurs) and negligence (the firm is liable when an accident occurs only if it chose low safety). They find that, in both cases, liability reduces the reputational penalty required to sustain high safety, but negligence requires an even lower reputational penalty than strict liability because it generates a finding regarding the firm's actual safety choice, rather than relying only on the occurrence of an accident (which is informative about the safety choice, but not perfectly so). 
